Acidic air pollutants generally are dissolved in water droplets. Mean droplet diameter may range from more than 10 jm in dense fog to less than 1 gm at low relative humidity. Droplet size influences the deposition of inhaled acid within the respiratory tract and thus may influence toxicity. To help assess health risks from acid pollution, we performed controlled exposures of normal and asthmatic volunteers to sulfuric acid aerosols at nominal concentrations of 0 (control), 500, 1000, and 2000 jg/M3. Exposures lasted 1 hr with intermittent heavy exercise. Response was assessed by lung function tests and symptom questionnaires. Under foggy conditions (mean droplet size 10 jim, temperature 500F), no marked effects on lung function were found. However, both normal and asthmatic subjects showed statistically significant dose-related increases in respiratory symptoms. In a separate study, normal subjects exposed at 700F with mean droplet size 0.9 jim showed no marked effect on function or symptoms. Asthmatics showed dose-related decrements in forced expiratory performance and increases in symptoms, most obvious at 1000 and 2000 jg/M3. The different results of the two studies probably reflect an influence of droplet size, but further investigation is needed to confirm this. The aggregate results suggest that only mild, if any, short-term respiratory irritant effects are likely at acid concentrations attained in ambient pollution.
Introduction
This paper reviews the authors' recent controlled laboratory studies of human volunteers, intended to assess short-term health risks from exposure to ambient acid aerosols. These studies have employed sulfuric acid (H2SO4) as a model of ambient acidic pollution. Experimental exposure concentrations were in the occupational range, one to two orders of magnitude higher than observed ambient concentrations, because earlier work failed to show meaningful responses at ambientlike concentrations. In terms of cumulative acid dose, the experimental exposures may have been closer to possible ambient conditions, because experimental exposures lasted 1 hr, whereas ambient pollution episodes may last considerably longer.
Acidic pollutants may occur in a wide range of particle (droplet) sizes, depending on the nature of the pollutants and the prevailing atmospheric conditions. Aerosols with droplets of a mean aerodynamic diameter of 1 jim (6) . In a pilot study of acid fog (droplet size near 10 ,um, H2SO4 concentration up to 680 jg/M3), we found a modest statistically significant increase in symptoms of respiratory irritation, similar in normal subjects and asthmatics, but lung function tests showed only small equivocal changes (7) .
The work reported in the following sections was intended to clarify these diverse findings by expanding the data base and extending the dose-response information to higher exposure levels (still within the permissible occupational exposure range).
Experimental Approaches
Exposures were conducted in the Rancho Los Amigos environmental control chamber (8 (FVC) , and forced expired volume in one second (FEV1), were performed prior to exposure, after the initial exercise, and at the end of exposure. Symptoms were assessed using standardized interview questionnaires before, during, and after exposure; the answers were converted to numerical scores based on the number and severity of symptoms (9) . Analyses of variance were performed to determine whether responses varied significantly with increasing acid exposure level.
The first study was conducted under conditions simulating California winter fog (10). The exposure atmosphere was generated by injecting dilute H2SO4 solution through commercial spray nozzles into the chamber's air supply, which was conditioned to 50°F and near 100% relative humidity. The resulting fog had a mean droplet diameter near 10 ,um and a liquid water content near 0.1 g/m3, comparable to natural fog.
The second study was conducted at 70°F and approximately 50% relative humidity (11) . The acid aerosol, generated by Babington nebulizers, had a mass median aerodynamic diameter near 0.9 jim. Acid concentrations were determined by low-volume filter sampling and ion chromatography. Exposure atmospheres were also monitored continuously with a laser aerosol spectrometer, electrical mobility analyzer, and/or optical particle counters. Because the two studies were conducted at different times with different subject groups, caution must be exercised in comparing their results, even though their designs were similar.
Results
Symptom findings from both studies are summarized in Figure 1 . The graph shows group mean changes in total symptom scores during exposure as a function of group mean H2SO4 exposure concentrations. The scores are derived from 11 different symptoms associated with airborne irritants. Normal subjects exposed to 0.9-jim aerosol showed slight increases in symptoms during all exposures, but no significant increase in their total scores with increasing acid concentration. When symptoms were examined separately, cough showed a very small but statistically significant increase with acid concentration. Asthmatic subjects exposed to 0.9-jim aerosol showed consistently larger symptom showed consistently larger increases than normal subjects and significant increases with increasing acid concentration, related to both lower and upper respiratory symptoms. Physiologic findings from both studies are summarized in Figure 2 , which shows group mean differences in FEV1 between pre-exposure and endexposure measurements, expressed in percentage of the pre-exposure measurement, and plotted as a function of group mean exposure concentrations. The other lung function measures changed in a manner generally consistent with FEV1 changes. Neither normal subject group showed significant variation attributable to acid exposure. The asthmatic group exposed to 10-gm fog also showed no significant variation, although a slight function decrement was suggested in the nom- 
